® 



Europalsches Patentamt A 1 SO 885 

European Patent Office @ Publication number: W^" 

Office europ^en des brevets 

EUROPEAN PATENT APPLICATION 



@ int.ci/: H 01 J 1/30, H 01J 29/04, 

@ Application number. 86200083 J H 01 J 37/073 

@ Date of filing: 28.01^ 



@ Priority: 01 .02^ NL 8400297 



@ Date of publication of application: 07.08.85 
Bulletin 85/32 



@ Designated Contracting States: AT DE FR GB II NL 



Applicant: M.V. Philips' Gloeilamponfabrielcan 
^ GTBBnewoudseweg 1. KL^I BA Eindhoven (NL) 



@ inventor: van derMaat. Karel O^'^S^^^^tj. 
OCTROOIBUBEAU B.V. Prof. Holstlaan 6, NL^6 AA 

^ven'S;!Hi!rte,«cM.. Arthur MarteEug^^^^ 
OCTBOOIBUHEAU B.V. Prof. Holstlaan 6. NL-6656 AA 

S:.'n'r"vS!GUo«,GerardusGe8orlu8P«lru».c/o 
INT OCTROOIBUREAU B.V. Prof. Holstlaan 6. 
NU56S6AA Eindhoven (NL) 



Representative: Baap, AdriaanYdootal, 
rNTCRNATIONAALOCTROOIBUREAU B.V. Prof. 
Holstlaan 6. NL-6656 AA Eindhoven (NL) 



10 
CO 



@ SemtaonduetordevlcotorproduclnBanelectronbeam. 

fiD In a semiconductor cathode, the eiectton-emitting part of 
a pn junction (5) is provided in the tip of a ptoiecting portion 
(10) of the semiconductor surface (2) which is situated w thin 
an opening (8) in an insulating layer (7) on which an accelera- 
tion electrode (9) Is disposed. Due tothe increased eloctrlcf .eld 
near the tip, a reduction of the work function (Schot^y effect) 
is obtained. As a result, cathodes can be realized in which a ma- 
terial 114) reducing the work function, such as caesium, may 
be either dispensed with or replaced, if required, by another 
material, which causes lower work function, but is less vola- 
tOe. The field strength remains so low that nofield emission oc- 
curs and separate cathodes can be driven individually, which is 
favourableforapplicationsin electron microscopy and electron 

lithography. 
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Sendoonductxjr device for producing an electron beam. 



The invention relates to a saniconductor device for 
producing an electron beam, having at least one cathode ccmprislng 
a saniconductor body vdiich is provided at a najor surface with an 
electrically Insulating layer vd-th at least one opening, in v*4ch 
at least one acceleration electrode is provided on the insulating 
layer at the edge of the opening and the seroioonductor body has 
a pi junction within the opening. 

The invention further relates to a camera tube and a 
display arrangement provided with such a seniioanductor device. 

SemioonductDr devices of the kind mentioned in the 
opening paragraph are known from the Netherlands Patent Application 
Nr. 7905470 of the Applicant. 

They are used inter alia in cathode-ray tubes, in which 
they replace the conventional thermionic cathode, in which electron 
emission is produced by heating. Besides, they are used, for 
exairple, in apparatus for electron microsoopy. In addition to the 
high energy oonsunption for heating, thermionic cathodes have the 
disadvantage that they are not litmediately ready for use because 
they must be first heated up sufficiently before emission occurs. 
^toreover, In the long run the cathode material is lost due to 
evaporation so that these cathodes have a limited lifetime. 

In order to avoid the heating source, v*iich is trouble- 
some in practice, and in order to also meet the other disadvantages, 
the use of a cold cathode has been aimed at. 

The cold cathodes known from the aforementioned Netherlands 
Patent i^lication are based on the emission of electrons from 
the semiconductor body when a pn jvinction is operated in the 
reverse direction in such a manner that avalanche multiplication 
occurs. Certain electrons can then cfotain such a quantity of kinetic 
energy as is necessary to exceed the electron work function: these 
electrons are then released at the surface and thus supply an 
electron current. 

In this type of cathode, a maximum efficiency is aimed at, 
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v*iich can be attained by a iniiiiiiuiri wrk function for the elections. 
This is achieved, for exartple, in that a layer of material reducing 
the work function is ^lied to the surface of the cathode. 
Preferably, caesium is \ised for this purpose because this material 
caxases a maxluum reduction of the electron work function. 
Ihe use of caesium also has a number of disaivantages, however. For 
example, caesiiaa is very sensitive to the presence (in the envircxi- 
ment of use of the cathode) of oxidizing gases (water vapoar, 
oxygen) . Moreover, caesiim is rather volatile, vrtiicii may be dis- 
advantageous in those plications in v*iich substrates or pre- 
parations are situated in the proximity of the cathode, as may 
be the case, for exarrple, in electnxi lithograptrir or electrcxi 
microscopy. The evaporated caesium can then be deposited on the 
said objects. 

Hie present invention has inter alia for its object bo 
provide a semiconductor device of the kind mentioned in the opening 
paragr^, in vrfiich no material reducing the work function need 
be used so that the aforanentioned problems do not arise. 

Besides, it has inter alia for its object to provide 
20 cold cathodes of the said kind v4iich, if the use of caesium or 
another material reducing the electron work function involves no 
or negligibly few problems, have a considerably higher efficiency 
than the cathodes known hitherto. 

It is based on the recognition of the fact that this can be 
25 achieved in that the semiconductor body is given a particular 
geometry at the area at vfcLch the electron onission occurs. 

A semiconductor device according to the invention is 
characterized in that within the opening the semiconductor body 
has at least one projecting portion, \*ose cross-section parallel 
30 to the major surface decreases with distance froa the major surface. 
Such a projecting portion may be, for exairple, sub- 
stantially oOTiical or partly rounded off at the apea. 

Thus, it is achieved that near the apex of the projecting 
portions very high electric fields occur in the operating condition. 
35 The resulting reduction of work function due to the Schottky effect 
is considerably larger than with planar semioonducbor cathodes due 
to the form chosen. 

On the one hand, the work function is thus reduced 
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svif ficiently so that at voltages perndssible in connection with 
Insulation (up to about 100 V at the conducting layer) the effi- 
ciency-of , for example, a silicon cathode is so high that no material 
reducing the work function, such as, for exartple, caesium, need 
be used. 

On the other hand, a material other than caesium can now 
be chosen for the material reducing the work function, which 
causes a smaller reduction of the work function, it is true, but 
is less volatile or less sensitive to chemical reactions with 
residual gases in the vacuum system, such as, for exairple, gallium 
or lanthanum. 

Finally, in this manner senioonductor cathodes, more 
particularly silicon cathodes coated with caesium, can be obtained 
which have a very high efficiency. Such cathodes can be used if the 
piBcenoe of caesium is harmless for preparation or substrates 
present. 

A first preferred embodiment of a soniconductor device 
according to the invention is characterized in that the pn junction 
is located between an n-type surface region adjodjiing the surface 
of the senaconductor body within the opening and a g-type region, 
in which, when a voltage is applied in the reverse direction across 
the pn junction, electrons are produced in the semiconductor body, 
which emanate frcm the sanioonductor body, the breakdown voltage 
being reduced in a part of the projecting portion. 

The desired reduction of the breakdown voltage may be 
obtained, for example, in that an additional £-type region is 
provided at the area of the projecting portion. The advantages of 
such cold cathodes with a locally reduced breakdown voltage are 
decribed in the aforementioned Netherlands Patent Application 
Nr. 7905470. 

It should be noted that the potential at the acceleration 
electrode must not exceed a given maxiinum for various reasons. 
In the first place, dependent upon the thickness of the subjacent 
unsulating material (for exanple silicon dioxide) , such a field 
strength can be obtained that breakdown of this insulating material 
' occurs. Besides, with very high field strengths (about 3.10 V/m) , 
at the end of the projecting portion the emitter can act as a 
field emitter. The emission properties are then fully deteradned by 
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the potential at the acceleraticsi electrode so that the volta^ 
across the reverse-biased juncUai no longer inf luencjes these 
prc^jerties. Especially vdth the use of several cathodes, for 
exanple in a display arrangement and in electron llthografiiy, it is 
5 desirable to be able to switch them s^)arately and off . For 
this reason and in order to prevent the semiconductor device f ran 
being damaged, In practice the field strenght is preferably limited to, 
for exairple, 2.10^ V/m. 

Cathodes according to the invention can be used, as 
described, in a camera tube, while various applications also exist 
for a display arrangement having a semiconductor cathode according 
bo the invention. One of these applications, for exanple, is a 
display tube which has a f Ivorescent screen which is activated by 
the electron current originating from the semiconductor device. 
15 invention will now be described nore fully with 

reference to a few embodiments and the drawing, in which: 

Figure 1 shows diagraitmatically a plan view of a sani- 
conductor device according to the invention. 

Figures 2 and 3 show diagrammatical ly cross-sections 
2g of the semiconductor device taken on the line li-ii in Figure 1, 
Figures 4 to 11 show diagranmatically in cross-sectim 
the semiconductor device shown in Figures 2 and 3 at successive 
stages of its manufacture. 

Figure 12 shows a variation of the semiconductor device shown 
in Figure 8, 

Figure 13 shows a variation of the semiccjnductor device shown 
in Figure 10, 

Figure 14 shows diagranmatically in perspective view a 
part of a display arrangement, in which a semi-conductor device 
according to the invention is used, while 

Figure 15 shows diagranmatically such a display arrange- 
ment for display applications, and 

Figure 16 shows diagranmatically such a display arran^- 
ment for use in electron lithogr^hy. 

The Figures are schematic and not drawn to scale, wftiile 
for the sake of clarity in the cross-sections especially the 
dimensions in the direction of thickness are greatly exaggerated. 
Semiconductor zones of the same conductivity type are generally 
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cross-hatx:h9d in the sane direction; in the Figures, correspondiiig 
parts are generally designated ty the same reference numerals - 

Figure 1 shDws in plan view and Figures 2 and 3. 
show: in cross-section taken on the line II-II in Figure 1 a 
semiiOorKiuctor devix^ for producing an electron beam. The device 
corprises for this purpose a semiconductor bot^ 1 , in this exarrple. 
of silican. The semiconductar body has an n type region 3 which 
adjoins a surface 2 of the semiconductor body and which forms 
with a £-type region 4 the pn jvinction 5. By applying a voltage 
in the reverse directijon across the pn junction, electrons are 
generated by avalanche itultiplication, v*iich emanate from the 
semiconductor body. This is indicated by the arrow 6 in Fig. 2,3. 

The surface 2 is provided with an electrically insulating 
layer 7 of, for exaitple, silicon oxide, in v*iich in this exarrple 
a circular opnening 8 is provided. Further, an acceleration electrode 
9, ^ch is in this exanple of polycrystalline silicon, is provided on 
the insulating layer 7 at the edge of the opening 8. 

The pn junction 5 has in the projecting portion 10 
within the opning 8 a lower breakdown voltage than the remaining part 
of the pa junction. In this exanple, the local reduction of the 
breakdown voltage is obtained inter alia in that the depletion zone 
at the breakdown voltage is narrower than at other points of the pn 
junction 5. The part of the pn junction 5 with reduced 
breakdown voltage is separated from the surface 2 by the n-type 
layer 3. This layer has such a thickness and doping that at the 
' breakdown voltage the depletion zone of the pn jxanction 5 does not 
extend as far as the surface 2. As a result, a surface layer remains 
present, v*iich ensures the conduction of the non-emitted part of the 
avalanche current. The surface layer is sufficiently thin to allow a 
part of the electrons generated by avalanche multiplication to pass, 
vAiich electrons emanate from the semiconductor body 1 and form the 
beam 6. 

The part of reduced width of the depletion zone and 
hence the local reduction of the breakdown voltage of the pn junction 
5 are obtained in the present exanple by providing a more highly 
^ doped £ -type region 12 within the opening iB, vAiich region forms a 
pn junction with the n-^type region 3. 

The semiconductor device is further provided with 
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a connectLcn electrode 13, whixdi is oonnectaed through a contact . 
hole 1JI to the n - type contact zone 19, which is connected 
to the n - type zone 3. Tlie £ - type zrae is contacted In this 
exaiple on the lower side ty neans of the metallizatim l^er 15. 
5 This- contacting preferably takes place via a highly doped £ -±ype 
contact zone 16. 

In the exanple of Figures 1 and 2, the doncar concentration 
li ~ ^5rpe region 3 at the surface is, for exanple, 
10 atcros/cm , vAiile the acceptor concentraticn in the £ - type 
10 regixBi 4 is considerably lower, for exanple lo""^ atcn/an^. The 
nore highly doped £- type region 12 within the opening 8 has an 
acceptor conoentration at the area of the pn junction of, for exairple, 
10 atoms/cm . Thus, at the area of this region 12 the d^etion 
zone of the jxi junction 5 has a reduced width, ^au.ch results in a 
reduced breakdown voltage. As a result, the avalanche nultiplication 
will occur first at this area. 

According to the invention, the seniiconductar body has 
within the opening 8 the projecting portion 10, which in the present 
exairple is substantially conical. Upon application of a voltage in 
the reverse direction across the pn junction 5 in the device shown 
in Figures 1,2 and 3, there is farmBd on both sides of this 
junction a deletion zone, that is to say a region in which 
substantially no mobile charge carriers are present. Outside this 
depletion zone, conduction is quite well possible so that substantially 
25 the v*iole voltage is e^plied across this depletion zone. The electric 
field associated therewith can now becone so high that avalanche 
nultiplication occurs. Electrons are then released, which are 
accelerated hy the present field in such a manner that upon 
collision with silicon atoms they formelectrow-hDle pairs. The 
30 electrons formed therety are in turn accelerated again ty the electric 
field and can faaa again electron-hole pairs. The energy of the 
electrais can be so high that the electrons have sufficient 
energy to emanate from the material. As a result, an electron 
beam is obtained, which is indicated in Figures 2,3 di^amnatically 
35 hy the arrow 6. 

By means of the acceleration electrode 9, which is located 
on aninsulatlng layer 7 at the edge of an opening 8, the released 
electrons can be accelerated in a direction substantially at right 
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angles to the major surface 2 by giving the acceleration 
electrode 9 a positive potential. In general, this is an additional 
accelS'ation in this direction because such a semiconductor 
structure (cathode) in practice forms part of a device in \Aiich, 
5 as the case may be at a certain diptance, a positive anode or 

another electrode, such as, for example, a control grid, is already 
present. 

Due to the fact that according to the invention the 

semtocMiductor surface has within the opening 8 a very particular 

to shc^, especially if, as in this exanple, the conical part has a 

pointed tip, a very strong electric field can be produced near this 

tip by means of voltages at the electrode 9, which do not adversely 

affect the further operation of the cathode. 

The strong electric field in fact gives rise to a 

potential reduction ( the so-called Schottky effect)^ for 

vjhlch it holds thatr^viJ. 

'^TnK) 

-19 

herein, e = the elementary charge of 1.6. 10 Coulomb 

Eo = the dielectric constant of the vacuum 8.85,10 

E = the electric field in V/m. 

9 

With an electric field 1.6. 10 V/m, the Schottlq^ effect with 
silicon gives rise to a reduction of the work function of about 
1.5 V (fran 4.5. V to 3 V) . This results in such an licproveirent in 
efficiency that such a cathode may be used, if required, without 
a layer 14 of material reducing the vork function. Further, instead 
of the volatile caesium, other materials, such as barium, gallium 
or lanthanxm, may now be used for the layex 14 reducing the work 
function, \«Mch yield a smaller reduction of tiie work function, 
it is true, but are less sensitive to the environmental conditions than 
caesii:tm. 

The said field strength is at the same tima sufficiently 

low to avoid the occurence of so-called field emission. With 

9 

a field strength of about 3-.10 V/m, the electric field is so strong 
that the electron emission is determined substantially entirely 
by the external electric field and the contributian of the 
avalanche nultiplication is practically negligible. It is then no 
longer possible eitJier to control the emission by switching the pn 
junction on and off. 
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In certain cases, far example in a vacuum tube in which 
the cathcde is mounted, a layer 14 of caesium reducing the 
vcrk €u3Qcti£m can be used becaise this layer does not exert 
an unfavourable influence there. 

Tte wDrk function of a silixxxi cathode according 
to the invention is then reduced to, for exanple, a few tenths of 
a volt, \rfiich results in a very high efficiency for siich a cathode. 

The tip of the projecting portion 10 v*iich in thB 
present eanbodiinent is substantially conical, also be rounded off. 
In this case, the associated radius of cuirvature preferably 
has a value between 0.01 and 1 ^um. This has the advantage 
that such cathodes can be manufactured in a itore reproducible manner. 

The device shovn in Figures 1 , 2 and 3 can be manufactured 
as follows (see Figinres 4 to 11 ) . 

The starting material is a (100) oriented highly 
doped £- type substrate 16 on ^*dch a £ - type 8 ^um thick 
epitaxial layer 4 is groMi epitaxially having an acceptor concentration 
of 10 at08Tis/cm . The assembly is then coated with a double layer 
consisting of a 30 nm thick layer of oxide 17 and an about 70 nm 
thick layer of nitride 18 (see Figure 4) . 

With the aid of a first photolacquer mask, the 
nitride 18 is patterned by etching, just like the subjacent 
oxide 17. With the use of the remaining parts of the double layer 
17,18 as a mask, phosphorus doping is carried out (for exairple by 
diffusion) . As a result, highly doped n- type regiOTS 19 are oWiained 
^^ch also serve to reduce the series resistance of the ultimate 
cathode. After the n- type regions 19 have been foniEd, they are 
provided at their surface by means of thermal oaadation with an 
oxiete layer 20 (Figure 5) . 

The assembly is then coated with a nitride layer 21 
applied fran the vapour phase (CVD techniques) and having a 
thickness of about 70 ran. A second ptotolacquer mask 22, viiich, 
if desired, may be provided on the nitride layer 21, protects, 
vtere necessary , the tmderlying surface from the following 
operations in order that at a later stage connection contacts 
or circuit elements can be realized here. 

Subsequmtly, the nitxide 18,21 is etched over a 
thickness of about 80 nm by neans of reactive icn etching or ly 
means of plasma etching. The nitride 20 is thm rmoved ccnpletely. 
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While the nitride 18 is partly maintained. With the use of this 
nitxide 18 as a mask, the subjacent oxide 20 is now rotoved 
ty meiuris of wet etching. Due to under-etching, also a part 
of the oxide 17 under the nitride 18 is then removed, (see 
5 Figure 7) . 

In the exposed silicon, depressions 25 are etched 
by means of preferential etching, for exaitple in a bath on the 
basis of potassium hydroxide, down to a depth of about 3 ^um. 
Due to the preferential etching and a suitable choide of the 

10 diitensions of the oxide-nitride double mask 17,18, this treatment 
results in that projecting portions 10 are formed in the 
depressions 25 at the area of this double mask (see Figure 8) . 

Inter alia for the ultimate n-type region 3, an 
arsenic iirplantation is then carried out with such an energy 

15 that the arsenic ions penetrate through the nitride 18 and the 
oxide 17. As a result, the n-type region 23 is formed outside the 
regions 19, as indicated in Figure' 9, while the series resistance 
is further reduced inside the regions 19 due to this ijnplantation 
(broken line 29) . 

20 Subsequently, by means of deposition techniques at 

reduced pressure (LPCVD techniques) , an oxide layer 26 having a 
thickness of about 1 ^um and an about 1 ^um thick layer 28 
of polycrystalline silicon are successively applied. In the present 
case, these thicknesses are chosen so that the depressions 25 are 

25 corrpletely filled by the oxide 26 and the polycrystalline silicon 
28 (see Figure 10) . In order to render the polycrystalline silicon 
conductijig, it is doped, for exarrple, with boron. 

Subsequently, diluted positive photolacquer is applied 
on the v^le device, vM.ch lacquer has such a viscosity that it 

30 spreads substantially uniformly over the device. This photolacquer. 
is then developed without exposure and is then gradually dissolved. 
This process is continued until the : polycrystalline silicon 28 
xs exposed. Due to the choice of the kind of lacquer and the 
thickness of the lacquer layer ( the residu a l lacquer layer 29 

35 is thicker than the renoved layer 30) , it can be achieved 

that first the polycrystalline silicon 28 above the nitride 18 
is exposed. As soon this polycrystalline silicon 28 is esqposed, 
it is etched, for exanple over a thichness of 1 ^um. Since tte 
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residual jAiofaDlac^juer layer protects from this etching treatitent^ 
the polycrystalline silicon 28 is ronoved and the cocicte 26 is 
expose! only on the upper six3e. This exposed oxide 26 is then 
etched over such a distance that the projectiiig portions 10 are 
5 e35x:>sed for the major part or entirely. Due to the fact that then 
the residual parts of the nitride 18 are strongly uixieretched, they 
are detached from the semicorductor device and can then be renoved 
by ultrasonic vibtration* The residual oxide 26 constitutes the 
insulating layer 1, as showi in Figures 2 and 3. 
10 With the use of the polycrystalline electrode 9 as 

a mask, the £rtype region 12 is tten provjbded in the tip of the 
projGctiiig portion 10 by means of a boron implantation. 
Subsequently, the surface of the projecting portion 10 is n-doped 
through the same mask by means of an arsenic iitplantationi. and the 
15 surface zone 3 is then acconplished (Figure 11) . 

Essentially, the semiconductor device aocarding to the 
invention is now acconplished. If the etching treatment of the 
polycrystalline silicon 28 is continued . for a longer time, this 
polycrystalline silicon obtains the profile shown in Figure 3. 
20 Finally, the seraicx^nductor device is further provided with 

cCTinection conductors 13 and 15* For this purpose, the insulating 
layer 7, vMch conprises outside the area of the depression 25 the oxide 
layer 20 and the nitride layer 21 , is provided with a contact hole 11 
(see Figure 1} , through \*iich the connection conductor 13 contacts 
25 the n-type region 19. On the lower side, the SCTiiconductor device is 
provided with a metallization 15. 

As alreadi^ described above, the electron-omitting surface 
may be further coated, if desired, with a layer 14 of material 
rediKiing the work function, for exarrple barium or lanthanum, v^iich 
30 are less volatile than caesium. 

Thus, the device shown in Figures 1 to 3 is obtained. 
Besides the use of single cathodes, also a plurality of cathodes 
according to the invention may be integrated in an matrix, in 
vtiich, for exarrple, the n-type regions are driven by the X-lines and 
35 the insulated £-type regions are driven by the Y-lines. By iteans 
of an electronic ccxitrol system, for exanple shift registers. 
Whose contQits determine, viiich of the X-lines and the Y-lines, 
respectively, are driven, a givm pattern of cathcxJes can now be 
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caused to emit, ^le, far exanple, vj^ other registers in 
conjxjmction vdth digital-to-analoque cx^nverters the potential 
of acceleration electrodes can be adjusted. Thus, planar 
displ^ arrangements can be realized, in vAiich a fluorescent screen is 
located in an evacuated space at a distance of a few millixtetres from 
the seniicanductQr device, vMch screen is activated ty the electron 
current originating from the semiconductor device. 

Figure 14 shows diagranmatically in perspective 
view such a planar display arrangearent, viiich conprises beside the 
semiconductor device 42 a flxoorescent screen 43, vAiich is activated 
ty the electron current originating from the semiconductor device. 
The distance between the somiconductar device and the fluorescent 
screen is, for exanple, 5 nm, vAiile the space in which they are 
situated is evacuated. Between the semiconductor device 42 and the 
screen 43 there is applied a voltage of the order of 5 to 1 kV via 
the voltage source 44, vAiich results in that such a high field 
strenght is obtained between the screen and the device that the image 
of a cathode is of the same order of magnitude as this cathode. 

Figure 15 shDws diagranmatically such a display 
arrangettBnt, in v^ch the semiconductor device 42 is arranged in an 
evacuated space 45 at a distance of about 5 irni from the 
fluorescent screen 43, which forms part of the terminal wall 46 of 
this space. The device 42 is mounted on a holder 39, on vrfiich, if 
desired, other integrated circuits 47 for the electronic control systan 
are provided; the space 45 is provided with lead-through members 
40 for external connections. 

Figure 16 shows diagranmatically a similar vacuum space 45. 
This space accOMtodates a system 50 (shown diagrarrmatically) of 
electron . lenses. A silicon wafer 48 coated with a photoresist layer 
49 is provided, for example, in the terminal wall 46. The patterns 
produced in the device 42 is displayed via the lens systmi 50, if 
required on a reduced scale, an the photoresist layer 49. 

Consequently, with such an arrangenfent, patterns can be 
displayed on a photoresist layer. Thus, great advantages are obtained 
because now the conventional photomasks may be dispensed with and 
the desired patterns may be generated and, if required, corrected via 
the electronic control system in a slitple manner. 

It is a matter of cource that the invention is not 
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limited to the aforeniaitioned exanples, Foa: example, especially 
viiQi the cathode is incarparated in an integrated circuit, the 
£-type region 4 will not be connected to a cainecticn conductor 

a metallization layer on the lower side of the semiccsiductar body, 
5 Ixit via. a diffused 2"*^ zone* Further, the £-type region 

need not necessarily be a(n) (^itaxial) layer having a unifom ' 
doping, but may also be a diffused zone. 

Instead of sillxxxi, another saniconductar material 
may also be chosen provided that similar gectnatries can be 
10 realized therein. 

Rirther, various modificatiois are possible in the 
itethDd of manufacturing. For exaitple. Figure 12 shows a modification 
of the iatemediate stage shown in Figure 8, in which due to 
slightly dif f ^ent dimaisians of the depressiai 25 and a different 
15 extent of under-etching, the region 19 extends into the projecting 

partial 10. Figure 13 shows a modification of Figure 10, in vAiich, due 
to the fact that the layers 26 and 28 have a smaller thickness, 
the cavity under the nitride 18 is not filled ccnpletely, as in 
Figure 10- Alternatively, during the reactive etching of the 
20 polycrystalline silicon 28, especially in the case of several 

cathodes in one semiccxiductar device, this polycrystalline silicon 
may be screened locally from the etchant. 

Besides, such an etchant may be used that the projecting 
portion 10 becomss facetted (pyramid-shaped) . Also the projecting 
25 portion 10 may extend over a given length (strip-sh^)ed) and is 
then rounded off, viev^ in cross-section. 
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1. A semiconductor device for producing an electmn beam, 
having at least one cathode corrprising a semiccndiactor bodir which 
is provided at a major surface with an electrically insulating 
layer with at least one opening^ in \diich at least one acceleration 

5 electrode is provided on the insulating layer at the edge of the 
opening and the semiconductor body has a pn junction within the 
opening^ characterized in that within the opening the semiconductor 
body has at least one projecting portion, v*iose cross-section, 
parallel to the major surface with distance from said major surface 

10 decreases. 

2. A semiconductor device as claimed in Claim 1, characterized 
in that the projecting portion is substantially of conical or 
pyramidal shape* 

3. A semioonductbr device as claimed in Claim 1 or 2, 

15 characterized in that the projecting portion is rounded off at least 
near its apex. 

4. A semiconductor device as claimed in Claim 3, characterized 
in that the rounded apex has a radius of curvature between 0.01 

and 1 ^um, 

20 5. A semiconductor device as claimed in Claim 1, characterized 

in that the projecting pojrtion is substantially strip-shaped near 
the major surface and in that, viewed in a cross-section at right 
angles to the longitudinal direction of the strip, the projecting 
portion is rounded off at least near its apex. 

25 ^* A semiconductor device as claimed in Claim 1, characterized 

in that the pn jmction is located between an n-type surface region 
adjoining the surface of the sonioonductor body within the opening 
and a g-type region, in v*iich, \*en a voltage is applied in the 
reverse direction across the pn junction, electrons are generated 

30 in the semiconductor body, v^ch emanate from the semiconductor 
body, and in v^ch the pn junction has locally a lower hreaJcdown 
voltage within the opening than the remaining part of the pn junctdojif 
the part with the lower breakdown voltage being separated from 
the surface by an n-type layer 
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having such a thickness and doping that at the breakdown voltage 
the depletiOTi zone of the pn junction does not extend as far as 
the sOrface, fcut ranains s^>arated therefrom by a surface layer, 
vrtiich is sufficiently thin to allow the generated electrc»is to 
5 pass. 

7. A semiconductor device as claimed in any one of the 

preceding Claims, diaracterized in that with in the opening in the 
insulating layer the surface of the semiconductor body is coated 
with a material reducing the work function. 
10 8. A camera tube provided with means for controlling an 

electron beam, vfcLch scans a charge image, characterized in that 
the electron beam is produced by a semiconductor device as claiited 
in any one of Claiins 1 to 7. 

9. A display arrangement provided with means for controlling 
15 an electron beam, vrfiich produces an image, characterized in that 

the electron beam is produced by means of a semiconductor device 
as claimed in any one of Claims 1 to ?• 

10. A display arrangement as claimed in Claim 9, characterized 
in that this display arrangement comprises a fluorescent screen 

20 v4iich is situated in vacuo at a distance of a few millimetres fron 
the semiconductor device and in that the screen is activated by 
the electron beam originating from the sCTiiconductor device. 
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